Novel square spiral antennas for broadband applications by Saynak, Uğur & Kuştepeli, Alp
Novel Square Spiral Antennas
for Broadband Applications
Ugur Saynak and Alp Kustepeli
Abstract – An investigation of novel square spiral antennas is presented. The antennas are designed by
considering the special arrangements of spiral arms. The new designs perform much better in terms of the
frequency independency of the fundamental antenna parameters, when compared with the well known and
widely used Archimedean spiral antenna, which makes the antennas very suitable for broadband wireless
applications. Experimental results are also presented and there is a good agreement between themeasured
and numerical data.
Index Terms – Frequency independent antennas; square spiral geometries; wire, strip and slot antennas.
1. Introduction
Frequency independent behavior of the fundamental antenna
parameters such as gain, reflection coefficient and radiation
pattern is an important issue and is always considered in the
applications requiring very wide bandwidths [1–8]. If the
frequency behavior of spiral, bi-conical and log-periodic
antennas is examined it is seen that those parameters do not
vary much with the frequency and therefore they can
generally be classified as frequency independent antennas
[9, 10]. Although they are classified as frequency independ-
ent, the independency is limited to a frequency band which is
determined by the antenna size [10–12]. Since spiral antennas
can be constructed as planar structures and radiate circularly
polarized waves, they are widely used in remote sensing
(Ground Penetrating Radar etc.), direction finding (Global
Positioning Systems etc.), telemetry, and flush mounted
airborne applications when compared to the others [1, 5, 7].
A spiral antenna is usually designed by using Archimedean
[1–5] or logarithmic [11, 13] geometries. Although Archime-
dean spiral antennas may have wide operation bandwidths,
they cannot be categorized as completely frequency inde-
pendent according to RumseyÌs scaling principle [9]. One can
obtain a more frequency independent antenna by using a
logarithmic spiral because it satisfies the requirements given
in the scaling principle. The disadvantage of using a log-spiral
in the antenna designs is that it becomes very large even in the
first few turns. Since the antenna is located in a very limited
place, the turns become very close to each other and the
configuration leads to a very dense structure around its center.
Therefore implementing and feeding such an antenna is not
very suitable because of the practical considerations.
Spiral antennas are designed and fabricated in round or
square geometries. When they are examined one can see that
the square spiral antennas have the advantage of operating
with the same performances at lower frequencies [1, 14]. First
radiation band of a spiral antenna occurs when the circum-
ference of the spiral is one wavelength, corresponding to a
diameter D ¼ l=p for the circular one and a width W ¼ l=4
for the square one. Therefore the first operation frequency is
approximately 20% lower for a square spiral, when compared
with that of the round one if they are about to be the same size,
but square geometries seem to be more frequency dependent
at high frequencies [15]. Another important point whichmust
be considered in the designs is the arm length of spiral
antenna. If the small number of turns and short arm lengths
are employed the antennas are found to be more frequency
dependent [9, 10]. In such cases the end of the arms are
terminated with loads to prevent the reflections causing to a
decrease in bandwidth and deterioration in axial ratio [1, 4,
16]. Since spiral antennas are generally printed on dielectric
substrates for the physical support and they can be loaded by
dielectric materials to improve their radiation characteristics
[17, 18], the interaction of the spiral antenna with the
dielectric substrate is also an important issue and the effect
of dielectric on the radiation characteristics must also be
investigated.
In this study, it is intended to design square spiral antennas,
which are not dense around the feed point, operating in a
broadband with small number of turns and without using any
terminations at their ends. The proposed geometries are first
employed to wire and strip antennas in free-space and then a
dielectric substrate is added to the strip antenna to examine
the effect of physical support on the radiation characteristics.
All of the antennas obtained from the proposed geometries
are also compared with the Archimedean one in terms of the
fundamental antenna parameters. Experimental study has
also been performed by using the slot antenna for the
comparisons and verification of the numerical results.
2. Antenna design
The equation defining the well known geometry of a round
Archimedean spiral used in antenna designs is given as
1 ¼ a aþ b (1)
where 1 and a are the conventional polar coordinates in the
x¢ z plane (1 is the distance mesured from the origin and a is
the angle measured from the x axis), a is the growth rate and b
is the starting point of spiral curve on the x axis. From the
equation it is obvious that theArchimedean spiral arms have a
constant amount of growth rate at each turn. Square spiral
approximates the round Archimedean spiral in this manner
and therefore it always has the same distance between its arms
as can be seen in Figure 1.
Unlike the Archimedean spiral, logarithmic spiral given as
1 ¼ b eaa (2)
satisfies the requirements for the RumseyÌs scaling principle.
As a result of that the round logarithmic spiral can be
approximated to a square spiral, as in the Archimedean case,
to obtain a more frequency independent square spiral
antenna. Since the logarithmic spiral arms have an exponen-
tial growth rate, the antenna becomes very large even in the
first few turns and therefore the resulting structure is not a
good candidate for the implementation due to the reasons
mentioned in the previous section. For an antenna which is
easier to implement, the log-spiral can be approximated in a
different manner such that it also preserves its frequency
independent behavior. The new spiral can be obtained by
increasing its arm distance from the feed point only at the
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second and fourth quadrant. The resulting configuration can
be called as the modified square logarithmic spiral and it is
shown in Figure 2.
If the configuration is examined it can be seen that the length
and location of each straight segment in one direction are
determined according to a scale factor k which is given as
k ¼ lnþ1
ln
¼ Rnþ1
Rn
(3)
where ln is the length of the n
th segment and R n is its distance
from the reference point. By this approach the geometry
obtained is not very dense around its center as in the exact
approximation of the log-spiral, and since it again has the
logarithmic properties one can also conclude that the antenna
designed by using this geometry is expected to be more
frequency independent.
To improve the radiation characteristics, another config-
uration for the square spiral antenna can be obtained by a
special arrangement of its arms. The first armof spiral expands
as in the modified square logarithmic one and the second arm
is arranged to be placed exactly between the two consecutive
turns of the first arm. Even though the second arm expands
with the scale factor k like the first arm and preserves the
logarithmic properties, the whole spiral becomes very differ-
ent when compared to the modified square log-spiral. Con-
sequently, because of this special arrangement, it is neither an
approximation of the round Archimedean spiral nor an
approximation of the round logarithmic spiral. Since some of
its parts are similar to the Archimedean spiral geometry and
some parts are similar to the logarithmic spiral geometry, the
proposed geometry can be interpreted as an approximation of
both and can be called as Modified square Archimedean-
logarithmic hybrid spiral which is illustrated in Figure 3. .
To obtain another antenna having all of the logarithmic
properties, the width of the nth straight segment, wn, can also
be chosen as
k ¼ wnþ1
wn
(4)
in accordance with (3). The resulting geometry, obtained by
using the modified square log-spiral and (4), is shown in
Figure 4. .
The geometry seen in the figure can be thought as the square
approximation of the self complementary round logarithmic
spiral but if carefully examined it is seen that it is actually a
very different configuration because of the new design
method employed.
3. Numerical and experimental results
In this section, fundamental parameters such as gain, axial
ratio, directivity and voltage standing wave ratio (VSWR) are
examined for wire, strip and slot antennas. In the numerical
analysis results obtained for the proposed designs are
compared with those of the Archimedean one. To make a
complete comparison between the performances of the
antennas, design parameters such as the number of turns for
Fig. 1: Square Archimedean spiral.
Fig. 2: Modified square logarithmic spiral.
Fig. 3: Modified square Archimedean-logarithmic hybrid spiral.
Fig. 4: Modified square logarithmic spiral with variable segment widths.
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the spirals, the area covered by the antennas and their feed
points are chosen as to be exactly the same for all cases. The
results for wire and strip antennas are obtained in a frequency
band from2GHz to 18GHzby using theMethod ofMoments
(MoM) and Finite Difference Time Domain Method
(FDTD), respectively [19, 20]. The spirals used in both cases
have 2þ 7=8 turns and the feed gap for the antennas is always
equal to 4.6 mm at their centers. All of the antennas are
located in the x¢ z plane and they have an area of 8
cm 8 cm. The radius is 0.1 mm and each segment length is
taken as l=10 at the upper simulation frequency for the wire
structures. The cell dimensions used in the analysis of strip
structures are chosen to be equal to the strip width as
Dx ¼ Dy ¼ Dz ¼ 0:4mm for free space simulations. The scale
factor k is equal to 1.7 for the proposed antennas. When the
dielectric substrate, its thickness is equal to 1.6 mm and its
dielectric constant er is 2.2, is used to support the antennas, the
cell dimension Dy in the direction of its thickness is decreased
to 0.2 mm. The time step values are also chosen according to
the cell sizes.
The antenna gains and axial ratios for the wire antennas are
presented in Figure 5. On-axis polarization in forward
direction is plotted as a function of frequency in the figure.
As can be seen, the proposed antennas are less frequency
dependent than the Archimedean one. Extreme variations in
the gain and axial ratio of theArchimedean spiral antenna are
not present in those of the proposed antennas. The directiv-
ities [10] of the antennas at 5 GHz, 10 GHz and 15 GHz are
shown in Figure 6 and they are plotted in thef ¼  90 planes
for 0 < q < 180.
From the figures, one can conclude that both of the proposed
antennas perform much better than the conventional Archi-
medean antenna in terms of the frequency independency of
the characteristic parameters but the performance of the
modified hybrid antenna is the best when compared to the
others and therefore it can be a good candidate for the spiral
strip antenna applications. The gains and axial ratios of the
modified hybrid and Archimedean strip antennas in free
space are presented in Figure 7. It is again seen that the
proposed antenna performs much better than the other one.
Fig. 5: Gains and axial ratios for the Archimedean, Modified logarithmic
and Modified hybrid spiral wire antennas.
Fig. 6: Directivities for the Archimedean,Modified logarithmic andModified
hybrid spiral wire antennas (f ¼  90, 0 < q < 180, Archimedean,
Modified log, Modified hyb.).
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Since the strip antennas are generally used with a physical
support, a dielectric substrate is added in the next step to
support the two antennas examined in the previous case. The
results are presented in Figure 8. The effects of substrate on
the antenna gains and axial ratios can also be seen by
comparing Figure 7 and Figure 8.
From the figures it can be concluded that the gain of
Archimedean antenna is much more affected than the
proposed one and it decreases drastically at higher frequen-
cies. Another conclusion that can be drawn from the figures is
that the dielectric support causes a contraction in both of the
gain and axial ratio values in the frequency band. The
directivities of antennas at 5 GHz, 10 GHz and 15 GHz,
with and without the dielectric support, are presented in
Figure 9. If they are examined it can be seen that proposed
antenna is less sensitive to frequency. In addition, the
directivity of proposed antenna for both cases are similar to
each other unlike the Archimedean spiral antenna. These
results show that the proposed spiral antenna again has better
radiation characteristics when compared to Archimedean
one.
The last antenna geometry to be examined is shown in
Figure 4 and it is obtained by increasing the widths of the
segments. In order to verify the numerical results, exper-
imental study was performed for this structure and the slot
version of the antenna is used to achieve a symmetrical and
balanced feeding over the broad frequency range. The
antenna was fabricated by using a single sided copper clad
FR-4 sheet having an area of 30 cm   20 cm with 1 mm
dielectric substrate thickness. For ease of fabrication, the slot
antenna is chosen as to have 1þ 7=8 turns with k ¼ 2:2. The
variable width of the slot at its center is equal to 0.7 mm and it
increases according to the scale factor k. The dielectric
material of FR-4 substrate is also taken into consideration and
is included in the FDTD computations in a similar manner as
done for the strip case. Themeasured and computed values of
VSWR for the slot antenna are presented in Figure 10. In the
experimental study, the antennawas fed without using a balun
and therefore it was not possible to feed the slot antenna
structure in a completely balanced manner which causes the
discrepancy between the results particularly at lower fre-
quencies. If the results are examined one sees that VSWR is
less than 2.5 over a broad frequencyband. Especially when the
measured values are considered, it is also seen that the 8:1
VSWR bandwidth is achieved for the fabricated antenna and
the results are also in good agreement inmost of that region as
shown in the figure.Although a very small number of turns are
used for the spiral, the antenna obtained with this special
geometry is not very frequency dependent over the band.
4. Conclusion
Novel designs for broadband square spiral antennas have
been introduced in this paper. The spiral geometries have
been obtained by very special arrangements of their arms. The
new and conventional designs have been analyzed and
compared by using the MoM and FDTD for the wire, strip
and slot antenna structures. The performance of the proposed
antennas is better in terms of the frequency independency of
characteristic antennaparameters and it is shown that they are
very effective especially if the small number of spiral turns is
considered. The results obtained from the experimental study
have also been compared with the computed ones for the
verification of the numerical data.
Fig. 7: Gains and axial ratios for the Archimedean and Modified hybrid
spiral strip antennas in free space.
Fig. 8: Gains and axial ratios for the Archimedean and Modified hybrid
spiral strip antennas on dielectric substrate.
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Fig. 10: VSWR of the Modified square logarithmic spiral slot antenna with
variable segment widths.
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